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Abstract 
The role of the forests on the hydrology of volcanic island environments is critical, mainly due to both its protection 
against erosion and its reduction of the runoff and increase of the water infiltration. In the Canary Islands, forest location 
in the western islands caters to meteorological, ecological and hydrological factors, as the water availability, orography 
and the presence of trade winds among them. From a forestry perspective, vegetation of volcanic islands acts as a 
buffering as it boosts precipitation from fog condensation mainly in western islands with higher altitudes. Besides, it is 
also remarkable the role of the forest on the planning process of island watersheds, including water-related natural hazards 
management by its study, flood prediction, hillslope stability estimation, etc. due to the torrential rainfall regime. At last,
forest also affects the erosion processes and soil conservation as it promotes infiltration and due to the protection of the 
canopy and the forest floor against the raindrop impact, one of the main issues of oceanic islands which affect directly and 
indirectly their hydrological cycle. Different study cases related to the role of forest in volcanic islands are reviewed 
throughout this work. 
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1. Introduction 
Oceanic islands precipitation is in general concentrated in the higher elevations, mainly in ridges. Due to 
the high concentration of volcanic dykes, the insular aquifers are often raised. These areas assemble most of 
the groundwater exploitation systems and, thus, it is important the presence and protection of a forest cover 
affecting directly the quantity and quality of the water, which infiltrates and at last recharges the aquifer. 
There are several useful study cases to illustrate the current troubles related water resources in the oceanic 
islands and that the solutions at least partially related to an appropriate forest management. Some volcanic 
islands in Latin America such as Isla de El Tigre, in Honduras, show serious problems of water supply, 
mainly due to salt-water intrusion into coastal water wells, but also to the deforestation of the last decade, 
which promoted soil loss processes and runoff enhancement. To prevent these problems, a common practice 
is to protect the forest areas directly involved in the recharge of the aquifer. Some examples are Hawaii, Jeju, 
where urbanization of the central areas of the island over the main aquifer is forbidden. In the island of 
Tenerife, most of the contributing area of the Las Cañadas aquifer, the most important of the island because 
its quality and quantity, is covered by a protected forest.   
2. Water and coastal erosion 
From the hydrological point of view, the increased soil loss rate of oceanic islands is one of the main 
concerns, mainly islands with a low forest cover such as Fuerteventura, where over 60% of the territory are 
affected by erosion. Although this is the natural dismantling process, it could be promoted due to the loss of 
vegetation cover and the progressive abandonment of traditional agricultural systems, uncontrolled 
urbanization, unregulated and intensive grazing and finally the progressive soil salinization which impact on 
the water resources (Hernández-Gutiérrez, 2011). 
In the Canary Islands, the presence of a wide range of volcanic materials and the disparate meteorological 
conditions within and between the islands involve diverse and erosion rates due to the different infiltration 
capacity and susceptibility to erosion among materials and location (Tejedor et al., 2013). The land 
heterogeneity also implicates differential erosion and the noticeably soil loss and mass movements during the 
rainy season, among others (Santamarta, 2013). Erosion processes in volcanic islands also involve the loss of 
biodiversity at long-term due to the loss of forest. Hawaii, where 26 species of birds have been lost and other 
27 are endangered, is an evident example of this trend. According to Nelson (Nelson et al.), it is necessary to 
bear in mind that the erosion process in oceanic islands involves not only superficial erosion and dismantling 
but also rock dissolution, as it is shown in the island of Oahu, Hawaii. This process, which takes place into the 
massifs, can show higher rates of material loss than conventional water and wind erosion. 
Coastal erosion, promoted by wells and strengthen by storms, is also a major concern in oceanic islands. 
The occurrence and intensity of this kind of erosion has been often attributed to the occupation by 
urbanization of coastal areas and beaches. A typical case of study is Waikiki in the island of Oahu, Hawaii 
(Fletcher et al., 1997). The island was traditionally covered by wetlands, but nowadays is mostly urbanized 
and as a result the erosive process is noticeably and it threatens the local infrastructures. As a temporal 
solution, sand is dredged from the seabed to recover the affected beaches. Although this is an extremely 
expensive operation, it is important to take into account that tourism is usually the main economic sector in 
oceanic islands such as Hawaii, Canarias o Fiji, and, thus, this expenditure is necessary at this point. In the 
long-term, besides an appropriate coastal planning to reduce erosion processes, due to their tourist value it is 
also necessary to restore impacted coastal areas to recover their environmental importance, although it is a 
complex process as these areas are densely urbanized and populated. 
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3. Flood risk and prevention measures 
Floods are also a major water-related natural hazard affecting oceanic islands and wreaking havoc with the 
population. Most floods start in forest watersheds located at the highest altitudes of the islands where ravines 
are steep and they start flowing easily, with high water speed and increased water flow. Sometimes there is a 
lack for an appropriate maintenance of the ravines with works such as: 
xFlood prediction and prevention using models 
x Intervention of erosion affected areas into the watershed 
xChannel cleaning 
xEvaluation of hydraulic infrastructures transverse to the channels such as paths, bridges, forest roads or 
tracks 
xEffective coordination between the corresponding public organism (Consejos Insulares de Aguas in 
Canary Islands) to develop a proper planning, management and execution of forest and hydrology projects. 
The impact of floods is also strengthen by land use changes (Neris et al., 2012, Jiménez et al., 2006) and 
forest fires as these events promote runoff and enhance soil losses (Neris et al., 2013). As a result, hillslope 
stabilization treatments are needed immediately after a forest fire to reduce the effects on the erosion 
processes, as it has been reported previously (Santamarta and Naranjo Borges, 2013). Economic losses related 
to floods are noticeable mainly in the agricultural sector and the infrastructures downstream, and they are 
enhanced in island environments due to their isolation. 
There are numerous examples of torrential rainfalls affecting oceanic islands, particularly in the 
Macaronesian area where, according to Marzol (Marzol et al.) to types of heavy rainfall are present. The first 
type is related to violent torrential rain over short periods, mainly the Canarias and Cape Verde, whereas the 
second includes long periods of out-of-time rain, commonly in Azores and Madeira. As example, the 7th of 
April 1977 a heavy rainfall (344.5 L/m2) over the NE of the island of Tenerife eroded around 40,000 m3 into 
the Barranco de San Juan, a watershed of 1.04 km2 and a 2.7 km long channel with 28% of slope. As a result, 
to avoid economic and human losses an appropriate natural hazard management is extremely important, 
including forest hydrology planning such as: 
xStudy of the conservation of the vegetation 
xWorks to reduce erosion and promote soil conservation in the watersheds 
xStudy of the fire impacts on the hydrological response regarding ash mobilization of watershed affected 
by these events. 
xVegetation restoration 
xMeasures to reduce runoff 
xWatershed planning including land use 
xHillslope stability 
An appropriate urban hydrological planning should take into account: 
xDrainage system capacity 
xRavine channelization 
xAppropriate maintenance of hydraulic infrastructures 
xAdequate planning of urban areas influenced by ravines and hillslopes 
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Table 1: Impact of torrential rainfall on volcanic areas during the 21th century. 
4. Knowledge and technology transference 
It can be said that islands show some common but, particular trends regarding water resources due to: 
xTheir geologic age 
xType of volcanic island 
xThe variety of volcanic material 
xAltitude 
xVegetation 
Island Country Rainfall 
Human 
losses
Likely causes Rainfall effects Year 
Madeira Portugal 
185 mm in 
24 h
48
Inappropriate construction of 
buildings and infrastructure near 
water streams  
Forest  losses 
Mass movements 
Floods 
2010 
Tenerife Spain 
224 mm in 
2h
8
Deficient urban planning 
Deficient ravine channelization 
Inappropriate construction near 
and into the water streams  
Inadequate channel bed 
maintenance 
Mass movements 
Floods  
Infrastructure
collapse
Power and water 
failure
2002 
Kauai USA 
145 mm in 
24 h 
7
Old infrastructures and lack of 
technical inspection of water dams 
Channels obstruction 
Water reservoirs overflow and 
collapse
Mass movements 
Infrastructure
collapse
Power and water 
failure
2006 
Islas
Mauricio 
Islas
Mauricio 
152 mm in 
1.5 h 
10
Deficient drainage system of 
runoff at urban areas 
Floods 2013 
San
Miguel 
Portugal n.d. 3 
Inappropriate construction in 
steep slopes Landslides 2013 
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xLocation 
xRainfall pattern 
Their common volcanic origin lets the managers to develop similar solutions to analogous issues, mainly 
related to water supply, erosion control and soil conservation and floods and landslides preparedness. An 
inappropriate water management and the derived water scarcity can originate: 
xFloods 
xSoil loss 
xDeficient watershed planning 
xDesertification
The limited knowledge regarding the particular volcanic environments can hinder the sustainable and 
efficient development of volcanic islands. Consequently, a national and international knowledge and 
technology transference process between the corresponding public organism including research institutions is 
absolutely necessary.  
There are numerous examples of efficient water resources management and erosion control through forest 
management in volcanic islands as for example Tenerife in Canary Islands and Kahoolawe in Hawaii. The 
forest of the islands of Tenerife and Gran Canaria were restored during the 40s and the 60s respectively, and 
are still protected nowadays, resulting in a forest mass capable to improve the water balance management by 
the islands (inputs and outputs) and reduce erosion by providing a physical protection against the raindrop 
impact and the runoff forces (Neris et al., 2013). The importance of the forest in the water resources of 
Tenerife is reflected, for example, when a private local enterprise bought in 1880 a forested area, Montes de la 
Cumbre en la Orotava, in order to start the exploitation of the groundwater. Regarding the Kahoolawe in 
Hawaii, this island was abandoned during the 20th century due to the lack of a permanent freshwater supply 
and used by the US army as a training area including atomic test. After 1980, an integral action, including 
forest and hydrological restoration started in this island with specific measures regarding revegetation, soil 
conservation or cleaning of debris. The island was declared a natural reserve in 1993 and nowadays works to 
revegetate the island with native species continue and a water supply system using special rainwater collectors 
and obtaining around 2000 m3 per year and complementary mobile desalinization plants have been developed.  
5. Conclusion 
Water scarcity and erosion control could be partially mitigated by both developing a sustainable forest 
management and extending forest protection perimeters over the aquifers as they consistently regulate the 
water balance of the area by increasing the water input related to precipitation (both conventional and from 
condensation), reducing runoff and soil losses. Current studies such as the one developed in Jeju Island, South 
Korea, could open new ways for research and development in this field. Forest engineering has a noticeable 
role in the water resources management in volcanic islands due to the responsibility of the technicians in the 
management and planning process regarding the island watersheds such as: 
xSurficial water exploitation and related natural hazards 
xRunoff and erosion rate reduction 
xPromoting infiltration process and groundwater recharge by vegetation cover management 
xSoil conservation using hydraulic infrastructures and post-fire mitigation treatments 
Water harvesting systems and soil conservation measures used traditionally in the islands can be 
compatible with the innovative techniques used nowadays, although the former are usually more sustainable 
and adapted to the natural environments where they were developed. 
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